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ABSTRACT
A new mechanism is presented for the generation of quark and lepton
masses, based on a heavy fourth family and a new sector of massless
fermions. The massless fermions have only discrete chiral symmetries
and they are confined by the metacolor force. The resulting electroweak
corrections may be smaller than in technicolor theories.
1holdom@utcc.utoronto.ca
In technicolor theories, the dynamical technifermion mass has two functions. One
is to break electroweak symmetry and the other, in the presence of suitable four
fermion operators, is to generate mass for ordinary quark and leptons. But with
recent high precision data from Z factories, these two functions appear to be increas-
ingly at odds. The way the data is constraining the electroweak symmetry breaking
sector is conveniently described in terms of the S and T parameters [1]. The constraint
on S limits the total number of massive technifermions (number of techniflavors times
number of technicolors) while the constraint on T limits the amount of isospin break-
ing in the technifermion masses. In their role of feeding down mass to the ordinary
quark and leptons, technifermions are being pushed up against these constraints.
Models with minimal extended-technicolor (ETC) interactions tend to have at least
one complete family of technifermions with standard SU(3) × SU(2) × U(1) quan-
tum numbers. And the large top mass tends to imply substantial isospin symmetry
breaking in technifermion masses [2]. One way to describe the difficulty is that the
same sector is responsible for both electroweak symmetry breaking and fermion mass
generation.
This naturally leads to the question of whether it is possible to separate these two
functions and associate each with its own sector. That is, is it possible to have an
electroweak breaking sector with a reasonably small number of new heavy fermions
and good weak isospin symmetry? This may be possible if there was another sec-
tor which did not contribute to electroweak breaking and yet was required for the
generation of quark and lepton masses. The isospin symmetry breaking present in
this sector could then feed into the quark and lepton masses without feeding into
electroweak corrections.
We shall attempt to realize this possibility in an economical fashion by introducing
a fourth family. Consider a theory with the following gauge symmetries above the
scale of electroweak symmetry breaking, where the new gauge symmetry is hypercolor.
GH × SU(3)× SU(2)× U(1) (1)
Each fermion in the third and fourth families are within hypercolor multiplets. The
two light families are hypercolor singlets, and we shall return to them later. It will
be important for what follows that these gauge symmetries are the only continuous
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symmetries present.
The hypercolor coupling is assumed to be of order unity at ∼ 1 TeV. But we
also consider the existence of nonrenormalizable interactions generated by strong in-
teraction physics at higher scales. At the very least these interactions must respect
the gauge symmetries in (1). Because these scales of new physics may not be much
higher than 1 TeV, and/or because of nontrivial scaling effects which can occur in
theories with small β-function, it may be that some of these nonrenormalizable in-
teractions can not be treated as small perturbations to hypercolor dynamics. They
may play an important role in the symmetry breaking occurring at ∼ 1 TeV. We will
refer to this subset of the full set of nonrenormalizable interactions as the dominant
nonrenormalizable (DNR) interactions.
We will describe as much of the basic picture as possible before specifying GH
and other details of the model. First suppose that hypercolor along with the DNR
interactions produces electroweak symmetry breaking, but in a channel which also
breaks hypercolor. We take this channel to correspond to a mass for all members
of the fourth family. The unbroken subgroup of hypercolor will be metacolor. The
former hypercolor multiplets will now contain metacolor singlets, and these singlet
fermions comprise all of the third as well as the fourth families. Metacolor will
not be responsible for the breaking of electroweak symmetry. Instead it is the fourth
family which breaks electroweak symmetry, and we thus assume that the fourth family
condensates respect isospin symmetry to good approximation.
Consider the effective theory after integrating out the fourth family and massive
hypercolor gauge bosons. SU(2)× U(1) symmetry may be realized in the usual man-
ner by introducing the Goldstone fields via the standard matrix U(x), transforming
as (2, 2) under SU(2)L × SU(2)R. The coefficients in the resulting chiral Lagrangian
can be expected to be smaller than in a one family technicolor model, since in the
latter case the coefficients contain a factor of the number of technicolors. In par-
ticular the contribution to the parameter S from ∼ 1 TeV physics will be smaller.
Pseudo-Goldstone bosons exist similar to the technipions in one family technicolor,
and their contribution to S will be similar.
The central assumption in our picture is the following.
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• Certain discrete symmetries of the gauge and DNR interactions remain unbro-
ken, and are such as to prevent the metafermions from receiving mass of any
kind.
The model will illustrate how such discrete chiral symmetries can arise.
The effective theory below the hypercolor breaking scale thus includes massless
metafermions. But we may assume that metacolor confines at a scale somewhat below
the hypercolor breaking scale and well above the Z mass. There are then no bound
states of metafermions much lighter than this confinement scale. The reason is simple:
there are no continuous chiral symmetries in the theory besides SU(2)× U(1). Note
that at scales close to the hypercolor breaking scale, hypercolor interactions badly
break other potential global chiral symmetries involving metafermions. Thus there is
no symmetry reason for the existence of light states other than the Goldstone bosons
absorbed by the W and Z.
It is clear at this stage that since metafermions are massless, the contributions to
the parameters S and T from the metacolor sector will bear little resemblance to the
usual contributions in technicolor theories. For example in QCD it is known that a
massive quark loop does well at saturating the observed parameters in the low energy
chiral Lagrangian [3], especially if the momentum dependence of the quark mass is
included [4]. The contributions to the low energy theory from a sector of confined
massless fermions could then look quite different.
The generation of quark and lepton masses will rely on four-metafermion conden-
sates. We will show that SU(2)× U(1) conserving metafermion condensates com-
bined with SU(2)× U(1) violating fourth family condensates are all that is required
to generate quark and lepton masses.
Before proceeding further we must describe the model in more detail.2 The two
light families will continue to be ignored for the moment. We take the hypercolor
2Certain aspects of this model may be found in previous work [5].
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group to be SU(3)H with the following multiplets.
QV QA QF
ΨL (3, +, +, +)
ΨR (3, +, −, +)
ΨL (3, −, −, +)
ΨR (3, −, +, +)
(2)
Ψ and Ψ represent two complete hypercolored families containing (U,D,N,E) and
(U,D,N,E) respectively. All these fermions have standard SU(3)×SU(2)×U(1)
quantum numbers, and thus the only difference between the Ψ and Ψ fermions is
that they transform differently under SU(3)H . We have also defined three diagonal
generators, QV , QA, and QF , which commute with all gauge generators. We will
describe their connection with the discrete symmetries below.
Hypercolor SU(3)H breaks to metacolor SU(2)M . The decomposition 3 ⇒ 2 + 1
and 3⇒ 2+1 corresponds to Ψ⇒ Ψ+ψ and Ψ⇒ Ψ+ψ respectively. Ψ and Ψ rep-
resent two complete metacolored families containing (U,D,N,E) and (U,D,N,E).
ψ and ψ containing (t, b, ν, τ) and (t, b, ν, τ) will describe the third and fourth fami-
lies. The actual mass eigenstates for the third and fourth families are determined by
the symmetry breaking. The condensate which breaks hypercolor and generates the
fourth family mass is taken to be
〈
Ψ
A
LΨ
B
R + h.c.
〉
∝ δA3δB3. (3)
A, B are SU(3)H indices. This condensate lies in the 6 of SU(3)H and it transforms
as (2, 2) under SU(2)L×SU(2)R. We consider below possible DNR interactions which
favor this condensate.
Thus far we have considered the chiral Lagrangian obtained from integrating out
the fourth family. The coefficients of the various terms may be estimated from a naive
one-loop diagram [3, 4], keeping in mind that there are also hypercolor corrections. We
now want to consider possible new contributions after integrating out the metacolor
sector. There is very little we can say about the effects of the possible dynamical
SU(2)× U(1) breaking in the metacolor sector. But we can look at the effects of
the explicit SU(2)× U(1) breaking in the metacolor sector fed down from the fourth
family. This will show up as couplings between the U(x) field and the metafermions.
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First consider the terms ΨLUΨR, ΨLUΨR, ΨLUΨR, and ΨLUΨR. It is easy to see
from the gauge structure and (3) that these terms are not generated from hypercolor
gauge boson exchange. This observation will be rephrased below in terms of discrete
symmetries, which if unbroken, prevent any kind of metafermion mass term. Had the
metafermions received mass then they would have made the usual contribution to the
term Tr(UWµνU
†Bµν), whose coefficient is proportional to S [1].
To find a metafermion contribution to S we consider the following terms, which
are generated via a one-loop diagram involving a massive hypercolor gauge boson and
a massive fourth family fermion.
ΨLU(D/ U
†)ΨL +ΨRU
†(D/ U)ΨR + h.c. (4)
Dµ is the usual weak covariant derivative. These terms have a coefficient which is of
order αH/2π where αH is the hypercolor coupling. Because these terms induce, for ex-
ample, a coupling of theW gauge boson to right-handed metafermions, a metafermion
loop can now generate a contribution to S. But the origin of this contribution, like
(4), involves the fourth family fermion mass and it is proportional to αH . This along
with effects higher order in αH are really nothing but hypercolor corrections to the
fourth family contribution. Lastly we note that αH may be of order unity or less,
since DNR interactions are also playing a role in the symmetry breaking at ∼ 1 TeV.
Now we consider the origin of the third family masses. Tree level diagrams involv-
ing massive fourth family fermions and massive hypercolor gauge bosons generate the
following terms (with SU(2)L × SU(2)R indices shown).
Ψ
i1
LΨi2RΨ
i3
LΨi4Rψ
i2
R
ψi3LU
Ti4
i1 + h.c. (5)
The relevant SU(2)× U(1) invariant metafermion condensate is then
〈
Ψ
i1
LΨi2RΨ
i3
LΨi4R
〉
= Aεi1i3εi2i4 +Bε
i1i3 [τ3ε]i2i4 . (6)
ε is the antisymmetric 2× 2 unit matrix. The second term accounts for the effects of
isospin symmetry breaking occurring in the metacolor sector. Combining (5) and (6)
gives terms proportional to
Aψ
R
U˜ψL +BψRτ3U˜ψL + h.c. (7)
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where U˜ = εUTε. These terms describe third family masses with isospin splitting.3
This isospin breaking can feed into electroweak corrections, but this is just the usual
heavy top quark contribution to ∆ρ.
Isospin symmetry breaking arises from the absence of SU(2)R symmetry in the
DNR interactions. The condensate, (6), reflects this SU(2)R symmetry breaking
and feeds it into the quark and lepton masses. The point is that this condensate is
different from the condensates responsible for electroweak symmetry breaking, unlike
the situation in technicolor theories. There is no longer a direct link between the
top-bottom mass splitting and the isospin splitting of heavier (techni)fermions, and
thus producing a large top mass in this picture should be easier. We also note that in
technicolor theories there is another possible contribution to T coming directly from
a SU(2)R violating ETC interaction, producing a direct contribution to the term
[Tr(τ3U
†DµU)]
2. This type of contribution can still arise from our metacolor sector
due to the terms in (4).
We now turn to the generators QV , QA, and QF and consider the discrete sym-
metries,
exp
(
1
3
πinQV
)
(8)
exp
(
1
2
πin [QA ±QF ]
)
, (9)
where n is an integer. All four-hyperfermion operators allowed by the gauge symme-
tries in (1) respect these discrete symmetries, and thus it is fair to assume that these
are symmetries of the DNR interactions. We note in passing that the allowed four-
hyperfermion operators actually leave unbroken a continuous QV symmetry. This
may be broken by the following six-hyperfermion operators.4
(
εABCεDEFΨ
A
ΨBΨCΨ
D
ΨEΨF + h.c.
)
, (Ψ↔ Ψ) (10)
A, B, C are SU(3)H indices. The discrete symmetries of these operators are exactly
those in (8) and (9).
3The operator Ψ
R
ΨLΨRΨL + h.c. is not generated explicitly by gauge interactions, but it is
allowed by the gauge symmetries in (1). Such an operator could be present among the nonrenor-
malizable interactions, and it also contributes to the third family masses in the presence of the
condensate (3).
4To see that these operators can be SU(2)× U(1) invariant, note that SU(2)× U(1) invariants
can be made from QLURLL or DRQLLL
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The symmetry breaking represented by the fourth family condensate (3) has the
following effect. The discrete symmetry in (8) is broken, but the combination of QV
and the λ8 generator of SU(3)H yields the unbroken discrete symmetry
exp
(
1
2
πinQˆV
)
. (11)
QˆV has the same quantum numbers as QV for the metafermions, but QˆV has zero
quantum numbers for the third and fourth families. The discrete symmetry in (9)
remains unbroken. The point of all this is to be able to say that the unbroken discrete
symmetries in (9) and (11) are sufficient to prevent any mass term, either Dirac or
Majorana, for any of the metafermions.
It is clear that the DNR interactions must play an important role in the dynam-
ics which ends up preserving these discrete symmetries. We give here an example
of the possible origin of some of the relevant DNR operators. Assume that QA
is the generator of a strong gauged U(1)A which is broken at some scale above a
TeV. Such an interaction will produce DNR operators of the form ΨLΨRΨRΨL and
ΨLΨRΨRΨL with signs which resist the formation of the hypercolor singlet conden-
sates 〈ΨLΨR〉 and 〈ΨLΨR〉. The U(1)A gauge boson exchange also produces the
operator ΨLΨRΨRΨL with a sign which favors the hypercolor violating condensate
in (3). Such DNR interactions can therefore make the formation of this condensate
a plausible possibility. If U(1)A is broken at a fairly high scale then we must assume
that some or all of these operators are sufficiently enhanced by anomalous scaling
effects.
These U(1)A induced interactions also resist the formation of the metafermion
condensates 〈ΨLΨR〉 and 〈ΨLΨR〉. But they do not resist the condensates 〈ΨLΨR〉
and 〈ΨLΨR〉 which are also metacolor singlets. On the other hand the broken SU(3)H
interactions, and in particular the massive λ15 gauge boson, generates the effective op-
erators ΨLΨRΨRΨL and ΨLΨRΨRΨL with signs which resist these latter condensates.
We thus see that the metacolor plus DNR interactions may bear little resemblence
to QCD-like dynamics, and our central assumption that certain discrete symmetries
remain unbroken becomes a dynamical possibility.5
5In the last two paragraphs we have ignored the possibility of color and/or charge violating
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We now briefly sketch how the two light families may fit into this picture. We will
denote all members of the light families by χ. Operators of the standard ETC form
ΨΨχχ, which could have fed mass down from the fourth family to the light fermions,
are not SU(3)H invariant. They are therefore not among the nonrenormalizable
interactions. They are also not generated by hypercolor dynamics since the light
families are SU(3)H singlets. This means that operators involving both metafermions
and fourth family fermions are required to generate light fermion masses. This is what
is desired, since the isospin breaking in the metacolor sector is forced to feed into the
light quark masses.
The following operators are allowed by the gauge symmetries in (1).6
εABCΨ
A
L
R
ΨBR
L
Ψ
C
RχL + h.c.
εABCΨ
A
L
R
ΨBR
L
χRΨ
C
L + h.c.
(12)
The way the weak indices are contracted depends on how the L and R subscripts
are attached. Because of the symmetry breaking SU(3)H ⇒ SU(2)M we may replace
these operators by the following.
ΨL
R
ΨR
L
ψRχL + h.c.
ΨL
R
ΨR
L
χRψL + h.c.
(13)
When the fourth family is integrated out we obtain
ΨΨΨΨχRχLU
T + h.c. (14)
where there is again various ways to attach the L and R subscripts. There are ap-
propriate four-metafermion condensates which are SU(2)× U(1) invariant and which
respect the discrete symmetries. The following mass terms for the light quarks are
induced.
CχRU˜χL +DχRτ3U˜χL + h.c. (15)
bilinear condensates, all of which break the discrete symmetries. These condensates are of course
resisted by the color and electromagnetic forces, but they can also be resisted by DNR operators of
the form Ψ
m
L
Ψ
cn
R
Ψ
c
Rn
ΨLm + (L ↔ R) where m and n denote either a color or a lepton “flavor”.
Such operators, with the right sign, can have their origin in a Pati-Salam SU(4) interaction.
6These operators appear to break the discrete symmetries in (8) and (9), but new discrete sym-
metries may be defined which also act on light families. We do not elaborate here.
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In terms of the various scales involved, these masses are of order Λ6M/ΛHΛ
4
NR where
ΛNR is the scale which characterizes the operators in (12). To get reasonable light
quark masses ΛNR cannot be too high and/or there are additional powers of ratios
of scales due to anomalous scaling. Note that it is the hypercolor interaction which
would be relevant for anomalous scaling, and that the operators in (12) have three
hyperfermions. Also, with the fermion content we have been discussing the one-loop
hypercolor β-function is in fact small.
Of special interest in our picture are the lepton masses. First we note that the
right-handed neutrino mass terms, νeRνeR, νµRνµR, νeRνµR, and the right-handed
hyperneutrino mass terms, NRNR, are allowed by the gauge symmetries in (1). Let
us suppose that all these masses are much larger 1 TeV, generated at some high scale
of ETC symmetry breaking. The large hyperneutrino mass removes the right-handed
neutrinos of the third and fourth families, and the right-handed metaneutrinos, from
the ∼ 1 TeV effective theory. The first question is the origin of the (third family)
τ mass, since the operators in (5) can no longer contain right-handed neutrinos or
metaneutrinos. But the following operator is included in (5) and it gives τ a mass in
the presence of the appropriate SU(2)× U(1) invariant metafermion condensate.
ULERELURτRτLU1
1 + h.c. (16)
This operator is generated by a tree level diagram involving a massive fourth family
charge 2/3 quark and massive hypercolor gauge bosons.
The fourth family condensates cannot involve fields which are not present, and
thus the Dirac condensate 〈ντRντL〉 is not present. We may suppose instead that the
Majorana condensate 〈ντLντL〉 forms, since it is consistent with the discrete symme-
tries of (9) and (11). As with other fourth family condensates this is SU(3)H violating
and thus does not feed down mass to νeL and νµL. This would leave ντL as the light
neutrino associated with the τ . Unlike all other members of the third family, opera-
tors of the form (5) do not contribute mass to ντL. Instead ντL receives a naturally
small mass from the operator in (10). The neutrinos νeL and νµL also receive naturally
small mass from operators of the following form (with possible underlines omitted),
also generated by physics far above 1 TeV.
Q
L
URQLURℓLℓL , DRQLDRQLℓLℓL (17)
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We are discussing a situation where isospin is being broken in the fourth family
lepton sector due to the Majorana neutrino mass. But the contribution to T may not
be too large if the fourth family lepton masses are somewhat smaller than the fourth
family quark masses. This case is similar to a very recent discussion in the technicolor
context [6]. That analysis also implies that a negative contribution to S develops if
the fourth family neutrino mass is sufficiently small compared to the fourth family
charged lepton mass.
Note that the condensates 〈ντLντL〉 and 〈NLNL〉, if they existed, would have had
disastrous consequences for all light neutrino masses. But they are fortunately not
consistent with the discrete symmetry in (9). This provides some connection between
reasonable neutrino masses and our picture of massless metafermions.
In summary we have outlined how a sector of massless confined metafermions
can contribute to quark and lepton masses through SU(2)× U(1) invariant four-
metafermion condensates. We have shown how discrete symmetries can naturally
arise which forbid metafermion masses. This picture suggests a peculiar metahadron
mass spectrum lying between the third and fourth families. There are of course
many questions to address before claiming any kind of realistic description of quark
and lepton masses. Clearly more description of the physics responsible for the non-
renormalizable interactions is needed. It may also be the case that the subdominant
nonrenormalizable interactions break some of the discrete symmetries we have dis-
cussed, and this may play a role in generating some of the small masses and mixings
in the final quark and lepton mass spectrum.
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